Abstract. The integration of many energy systems of various types (electricity, heat, cooling, etc.) into a single technological entity involves the use of new information and communication technologies and a holistic multi-level automated control system, which provides the establishment of integrated intelligent energy systems. In such systems, the consumer can both provide themselves with various types of energy, and supply energy into the energy system. The paper presents a methodology for modeling the prosumer in intelligent integrated energy systems. The methodology includes the following components: a mathematical model of the prosumer in intelligent electricity, heat/cooling systems; a method of choosing the energy sources to cover their load with minimal costs of electricity, heat/cooling generation. The methodology developed for modeling the prosumer in intelligent electric, heat/cooling systems was implemented in software. The presented results are tested on a test energy supply scheme.
Introduction
The integration of many separate systems into a single technological complex ensures the implementation of new functional capabilities, the use of more advanced technologies in operation, and the construction of integrated intelligent systems with coordinated control of their operation, as well as active participation of the consumer in the energy supply process [1] [2] [3] [4] [5] . In such energy systems, the end user is considered as a partner of energy entities in terms of ensuring reliable operation of the energy system, acquires the status of an active one and becomes one of the main elements in the energy system [6] . These consumers can independently set the requirements of the amount of energy to be received, its quality and consumer properties, and energy services [7] [8] [9] [10] .
Design of the load-controlled consumption systems, including heterogeneous energy sources and storage devices usually involves solving a mixed integer linear programming problem [11] [12] . Some researchers [13] [14] [15] [16] use multi-criteria optimization to consider not only the investment and operational costs in the design of energy systems, but also compensation for the energy generation-related emissions of pollutants.
The switch to the intelligent energy industry based on a customer-oriented approach generates the need to develop a methodological support for the study of prosumer consumption, which is a pressing scientific problem of great importance for the national energy development. In this paper, we propose an approach to modeling of the prosumer. This approach makes it possible based on a redundant energy supply scheme to choose an optimal mix of generating equipment to meet the consumer needs for various types of energy, given its transport.
Statement of the problem
The set parameters include: a set of electricity sources 
It is necessary to minimize the function of total costs of the load-controlled consumer energy system that has the form: 
Subject to:
, ; EF K -source efficiency; λ -energy transmission losses in the energy system components; 0 i w -primary energy resources;  -generated electricity to heat ratio at CHPP.
The above generalized statement was reduced to solving the problem of mixed integer linear programming [17] [18] .
Testing on a test energy scheme
A redundant energy supply scheme for the prosumer is built to substantiate the choice of energy sources of the prosumer to cover its own load with minimal costs for generation of electricity, heat and cooling. The redundant scheme consists of a coal-fired mini-CHPP (CCHPP), a gas-fired mini-CHP (GCHPP), an electric boiler, a heat storage, and an absorption refrigeration unit. Generating capacities include an Ingersoll Rand microturbine, an absorption refrigeration unit (ARU), a Neuron-500 container power plant unit, and an electric boiler. The generation structure of the active consumer is shown in Figure 1 . According to the above scheme, the sources of energy supply to the prosumer in the considered scheme are the following: the electricity sources are: centralized power system (CPS), CCHPP, GCHPP; heat sources are: district heating system (DHS), electric boiler, CCHPP, heat storage (HS), GCHPP; cooling sources are: ARU that receives heat from heat sources.
The constructed daily electricity, heat and cooling load curves of the prosumer are presented in Figure 2 . The model takes into account the following energy transmission and storage losses in the energy system: 5% when stored in HS, 7% when transmitted to DHS, 7% when transmitted to CPS. The assumed constraints include the constraints on electric boiler capacity: h ≤ 1500 kW; on the GCHPP capacity: 12.5 kW ≤ w ≤ 2000 kW, 18 kW ≤ h ≤ 4000 kW, 1.44 ≤ w / h ≤ 2; on the CCHPP capacity: 100 kW ≤ w ≤ 1500 kW, 192 kW ≤ h ≤ 2900 kW, 1.92 ≤ w / h ≤ 1.93; on HS capacity: 30 kW ≤ h ≤ 583 kW.
We have developed the software to model the prosumer. The software is implemented in Java [19] . A set of tools implemented as a free lp_solve library for Java [20] is employed as a solver of linear programming problems.
The results of calculation for the selection of the prosumer generation sources in an intelligent electricity, heat/cooling system are presented in Figure 3 . The following technologies were selected from the competing ones: CPS, GCHPP, CCHPP -for electricity generation; an electric boiler, GCHPP, CCHPP -for heat generation; and the use of heat from GCHPP and CCHPP -for cooling generation. Two sources are selected for cooling generation. They supply heat to ARM. The CCHPP is the most cost-effective source, but due to the limitations on the minimum possible heat supply at some hours of the day (8-00 and 19-00, see Figure 3 ), this source cannot be used. In this case, the GCHPP is used to cover the cooling load. The total costs of electricity, heat and cooling generation were 114864.15 rubles. 
Conclusion
In this research, we developed a methodology for modeling the prosumer in intelligent electricity and heat supply systems.
The most important results of the work are: a mathematical model of the prosumer in the intelligent electricity, heat and cooling systems; a method for rational management of electricity, heat and cooling generation of the prosumer in the intelligent systems to cover the load with minimal costs; a method of choosing the energy sources to cover the load with minimal costs for electricity, heat and cooling generation; software implementation of the developed methodology for the modeling of the prosumer in intelligent electric, heat/cooling systems.
The further development and extension of the started research will focus on: consideration of the wear and tear of the generating equipment during its startup/shutdown; consideration of nonlinear characteristics of equipment; consideration of the inertia nature of the processes that occur in the heat and cooling systems.
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